GABA and glycine are excitatory in the immature spinal cord and become inhibitory during development. The shift from depolarizing to hyperpolarizing inhibitory post-synaptic potentials (IPSPs) occurs during the perinatal period in the rat, a time window during which the projections from the brainstem reach the lumbar enlargement. In the present study we investigated the effects of suppressing influences of the brain on lumbar motoneurons during this critical period for the negative shift of the reversal potential of IPSPs (E IPSP ). The spinal cord was transected at the thoracic level on the day of birth [postnatal day 0 (P0)]. E IPSP , at P4-7, was significantly more depolarized in cord-transected than in cord-intact animals (E IPSP above and below resting potential, respectively). E IPSP at P4-7 in cord-transected animals was close to E IPSP at P0-2. K-Cl cotransporter KCC2 immunohistochemistry revealed a developmental increase of staining in the area of lumbar motoneurons between P0 and P7 in cord-intact animals; this increase was not observed after spinal cord transection. The motoneurons recorded from cord-transected animals were less sensitive to the experimental manipulations aimed at testing the functionality of the KCC2 system, which is sensitive to [K + ] o and blocked by bumetanide. Although bumetanide significantly depolarized E IPSP , the shift was less pronounced than in cord-intact animals. In addition, a reduction of [K + ] o affected E IPSP significantly only in cord-intact animals. Therefore, influences from the brainstem may play an essential role in the maturation of inhibitory synaptic transmission, possibly by upregulating KCC2 and its functionality.
INTRODUCTION
1A, B). The reversal potential of IPSPs (E IPSP ) was significantly more depolarized (+7 mV on average) in cord-transected than in cord-intact animals ( Table 1, Fig. 1A-C) . Synaptic responses were abolished by picrotoxin (10-20 µM) and strychnine (2-4 µM) demonstrating that they were still mediated by GABA A and glycine receptors after spinal cord transection (n=3; not shown). Resting membrane potential (V REST ) and input resistance were not significantly affected by spinal cord transection (Table 1) . As a result, E IPSP was, in average, below and above V REST in animals with intact and transected spinal cords, respectively ( Fig.   1A, B, D) . In cord-intact animals, motoneurons exhibiting hyperpolarizing IPSPs at V REST were more numerous than those with depolarizing responses (Fig. 1E, left column) . These proportions were reversed in cord-transected animals ( Fig. 1E , right column). When IPSPs were hyperpolarizing at V REST , E IPSP was significantly more negative in cord-intact than in cord-transected animals (Fig. 1F , lower part of columns). Conversely, E IPSP , when above V REST , was more depolarized in cord-transected than in cord-intact animals (Fig. 1F, upper part of columns).
To determine the effect of the transection on the developmental switch from depolarizing to hyperpolarizing IPSPs, we measured E IPSP early after birth (P0-2, control animals). E IPSP at P0-2 was above V REST (Table 1 , Fig. 1D ). It was close to E IPSP measured at P4-7 in cord-transected animals and significantly less negative than in cord-intact animals at P4-7 ( Fig. 1C ). Altogether, these results suggest that the spinal cord transection at birth stopped the developmental shift of E IPSP towards further hyperpolarizing values. Because the developmental negative shift in E IPSP is attributable to an increased efficacy of Clextrusion and the up-regulation of KCC2 (Hübner et al. 2001; Lu et al. 1999) we investigated the presence and functionality of this transporter in cord-transected and cordintact animals at P7. Anti-KCC2 antibody was used to localize the KCC2 cotransporter in the lumbar spinal cord. Specificity of the antibody was confirmed by lack of signal when the secondary antibody was applied in the absence of primary antibody (data not shown). KCC2 staining in cord-intact animals was abundant in the ventral horn (vh). A dense matrix of processes was heavily stained around large dark cell bodies, presumably motoneurons (mn, Fig. 2A , C). Some labeled neurites stretched out of the grey matter in all directions into the lateral and ventral funiculi. These labeled neurites in both the grey and white matters are likely dendrites since KCC2 is not expressed in axons (Hübner et al. 2001 ). In addition, dendrites are known to temporarily extend into the white matter in neonates (Curfs et al. 1993) . At higher magnification, KCC2 immunolabeling clustered around large cell bodies suggesting a preferential plasma membrane localization ( Fig. 2C , inset), although this issue cannot be clarified with certainty at this resolution level. In cord-transected animals, these clusters of stained spots were not present around large cells ( Fig. 2D , inset), and diffuse cytoplasmic staining was commonly observed in somas around unlabeled nucleoli and in processes ( Fig. 2D , inset, arrowheads and asterisk, respectively). A similar KCC2
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immunolabeling was present at P0 in cord-intact animals ( Fig. 2E) .
At low magnification, a lower level of KCC2 immunoreactivity was observed in the ventral horn at P7 after spinal cord transection compared to cord-intact animals of the same age (compare Fig. 2A, B ). The immunohistochemical data were quantified in two areas of the animals suggests that the developmental upregulation of KCC2 in the somatic -relative to dendritic -compartment, that occurs during the first postnatal week has been prevented by neonatal spinal cord transection (Fig. 2F ). Some cytoplasmic staining was clearly observed in cell bodies from cord-transected animals whereas the labeling in cord-intact rats seemed to be associated with the plasma membrane. Both the qualitative and quantitative differences in KCC2 immunolabeling between the three animal groups strongly support the observation that E IPSP was more depolarized in neonates and at the end of the first postnatal week, after spinal cord transection.
The motoneurons recorded from cord-transected animals were less sensitive to the two experimental manipulations aimed at testing the functionality of the KCC2 system. Although bumetanide significantly depolarized E IPSP , the shift was less pronounced than in cord-intact animals. In addition, a reduction of [K + ] o affected E IPSP significantly only in controls (Fig. 3) .
These results suggest a lower efficacy of the cotransport mechanisms in cord-transected animals, due likely to fewer KCC2 transporters being present in the plasma membrane, as indicated by immunohistochemistry, and possibly an alteration of the functional status.
Further experiments will be required to compare the regulation of KCC2 protein by phosphorylation / dephosphorylation events in cord-intact and cord-transected animals (Kelsch et al. 2001; Vale et al. 2003 Vale et al. , 2005 . Wallén 1985) . The alternation of muscle activities between the two hindlimbs relies on mutual glycinergic inhibition of the networks on the two sides of the cord (Butt et al. 2002; Hinckley et al. 2005; Kjaerulff and Kiehn 1997; Kremer and Lev-Tov 1997; Pflieger et al. 2002) . We examined recently in animals cord-transected at birth the capacity of the CPGs to produce locomotor-like activity (Norreel et al. 2003) . The excitability of CPGs was increased after the transection and the left/right alternating locomotor pattern was lost at P6-7. How E IPSP develops in interneurons during the perinatal period and whether E IPSP is more depolarized also in interneurons after neonatal spinal cord transection are important questions that require further exploration. However, the more depolarized E IPSP observed in motoneurons and possibly in interneurons in cord-transected animals may be partly responsible for both of these observations.
The non-significant trend for E IPSP to be more positive in cord-transected animals at P4-7 than at P0-2 suggests that some dedifferentiation processes may also occur and raises the In conclusion, we show that pathways descending from the brainstem are critical for inhibition to become and possibly to remain hyperpolarizing in lumbar motoneurons. These results shed light on a new upstream mechanism responsible for the developmental regulation of KCC2, a protein that plays a key role in both ontogeny and neurological diseases. 
